III. TRAFFIC MODEL CLASSIFICATIONS
There are three types of traffic flow models.
• Microscopic models (Car following models, cellular automata models)
• Mesoscopic models (Gas Kinetic models)
• Macroscopic models (LWR models) Microscopic models:. Microscopic modeling considers the individual vehicle"s physical status and the factors that control human driving behavior. The movement of individual vehicles is governed by the driver"s behavior, the road topology, the status of surrounding vehicles, and the headway distribution. Each vehicle in the traffic may be described by a set of parameters that includes position, actual speed, desired speed, route choice, and willingness to pass the other vehicles. It is very difficult to derive analytic and deterministic equations to precisely describe microscopic traffic phenomenon and quantify all the factors that control human driving behavior. Therefore, computer-based simulations are preferred over analytic models in this case. However, computational complexity increases rapidly with the number of vehicles being considered, and therefore, realtime simulation requires a tradeoff between complexity and computation costs.
Mesoscopic Models: Mesoscopic models represent a compromise between the accuracy of a microscopic model and the computational efficiency of a macroscopic model. These models are often used when real-time simulation with a high level of detail is needed [14] .
Macroscopic models: Macroscopic models describe traffic with aggregate variables such as traffic density, mean speed, and volume. The use of such variables reduces the computation requirements for macroscopic modeling, making real-time calculation quite feasible. However, macroscopic models cannot estimate travel time, turning movements at intersections, fuel consumption, and control parameters on a short time scale [15] .
IV. CELLULAR AUTOMATA (CA)
Cellular automata are mathematical idealizations of physical systems in which space and time are discrete, and physical quantities take on a finite set of discrete values. A cellular automaton consists of a regular uniform lattice, usually finite in extent, with discrete variables occupying the various sites. The state of a cellular automaton is completely specified by the values of the variables at each site. The variables at each site are updated simultaneously, based on the values of the variables in their neighborhood at the preceding time step, and according to a definite set of "local rules" [2] . Performance metrics are generally obtained through computer simulation of the evolution of the cellular automaton over time. The transportation simulation group at Los Alamos National Lab have developed the Transportation Analysis Simulation System (TRANSIMS) [16] are co-operating with The Centre for Parallel Computing at University of Cologne in using cellular automata for the micro simulation of traffic flow.
The Advantages of CA Traffic Flow Model
The use of the cellular automata in modeling has certain advantages, as compared to other types of models. The most important of its advantages are the following:  The model is simple. And it is easy to be achieved on the computer.  It can re-create all kinds of complicated traffic phenomena and reflect the properties of traffic flow.  The roads are divided into plenty of minute lattices. The conditions of cars turning are simplified as traveling in straight lines. It can simplify the parameters of roads.  CA model is a dynamic model, which consists of limitless discrete of space, limited discrete of state, all discrete time is integer.  Once the local interactions between the cells are solved, the system can be increased up to any size, without any other modeling problems.  The results of the scientific research and the experiments reported in the scientific literature prove that the traffic simulation with cellular automata is an interesting and useful research topic.
Fundamental Diagram
The fundamental diagram describes the connection between density and flow rate on the road. When the density is low, that is, vehicles are far from each other, the flow increases linearly with increasing density. When the density reaches certain value, vehicles start to "interact" with each other, drivers become cautious and lower their velocities to maintain a safe distance to the vehicle ahead. The lowering of velocities causes the flow to decrease. As the density still increases, vehicle velocities get lower and finally a point is reached when traffic is completely jammed and the flow rate drops to zero. The diagram (b) in Fig.1 shows the qualitative velocity-dependence of vehicles on the density. In the theory of traffic flow, it is supposed that the average flow
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The fundamental diagram in Fig.1 is only qualitative and refers to a situation with vehicles moving with equal distances to each other and with the same velocity. 
V. CA MODELS USING RULE 184
In each step of its evolution, the Rule 184 automaton applies the following rule to determine the new state of each cell, in a one-dimensional array of cells: According to rule 184, the evolution of a particular cell depends on its two immediate neighbors, i.e. the cells in front of and behind it. Black or "1" indicates that the cell is occupied by a "vehicles" and white or "0" indicates "empty spaces". In this diagram, "vehicles" are moving to the right. If the "vehicle" has an "empty space" in front of it, it will move one unit to the right. Otherwise, it will remain in its original cell. To further illustrate, in Box 3 and 4, there is a left black cell and white central cell at initial time step. At the next step, the vehicle in the left black cell is trans-located to the centre, since the initial central cell is empty. In Box 2 and 5, the central cell is occupied by vehicle and the right cell is empty and does not block the vehicle in the central cell. At next iteration step, the vehicle in the central cell proceeds and empty cell is obtained. Under this rule, the number of filled cell, which indicates the occupancy by a vehicle, does not change, or the density of 1"s is conserved. The new velocity v n for each car n has been determined forward by v n cells: x n -> x n +v n .
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VI. NaSch MODEL -KAI NAGEL AND MICHAEL SCHRECKENBERG MODEL
In Nagel"s paper, a simplified approach of CA model is adopted. In this model, a simple single-lane CA is set up. To describe the state of a street using a CA, the street is first divided into cells of length 7.5 m. This corresponds to the typical space (car length + distance to the preceding car) occupied by a car in a dense jam. Each cell can now either be empty or occupied by exactly one car. Each vehicle is characterized by its current velocity v which can take the values v = 0, 1, 2,... ,v max .
Here v max corresponds to a speed limit and is therefore the same for all cars (in the simplest case). The maximum velocity is defined to be 5 cell length, which corresponds to 37.5/s or 135 km/h .The number of unoccupied cells between two consecutive vehicles is defined as "gap". In a single-lane CA model for traffic flow, the following rules are applied in each iteration, which corresponds to 1 second of real time. The simplest rule set, which leads to a realistic behavior, has been introduced in 1992 by Nagel und Schreckenberg [8] . It consists of 4 steps that have to apply at the same time to all the cars (parallel or synchronous dynamics).
Forward rules
In each of the iterations, the following 3 steps are carried out sequentially. In step 1, the vehicle is accelerated by 1 cell-length if its velocity is smaller than vmax. This is based on two assumptions that 1) Drivers always try to maximize their speed and 2) The acceleration of vehicle is constant at 7.5m/s 2 for all vehicles traveling at all speeds below vmax.
Step 2 states a safety measure. It forces vehicles which travel at v greater than gap to slow down to v = gap.
Step 3 takes other factors that may slow the driver down, such as less smooth roads, into account. P noise is a predefined parameter representing the probability with which the vehicle is slowed down by 1 unit, such that 0< p noise <1. In each of the iterations, a random number generator generates a number, which is then compared with p noise . When (v > 0) AND (rand < p noise ), v is decreased by 1 cell-length. Note that in this model, v is an integer number of cell-length, i.e. multiples of 7.5 m/s.
VII. MODIFIED NAGEL CA MODEL
The model presented here is a probabilistic CA. It consists of N vehicles moving in one direction on a one -dimensional lattice of L cells arranged in a ring topology. The number of vehicles is fixed. Each cell is either empty or is occupied by just one vehicle traveling with velocity, v that takes values ranging from 0 to v max . The typical length of a cell (∆x) is around 7.5 m. It is interpreted as the length of a vehicle plus the distance between vehicles in a jam, but it can be suitably adjusted according to the problem under consideration. The time step (∆t) is taken to be 1s. Therefore, transitions are from t  t + 1. This time step is on the order of x i  x i + ν i Rules S1, S2 and S3 are designed to update velocity of vehicles; rule S4 updates position. According to this, state updating is divided into two stages, first velocity and second position. Rule S3 is the main modification to the model in Nagel and Schreckenberg that will be referred to as the NaSch model.
VIII. SIMULATION RESULTS
To simulate the CA model of the previous section, a closed system with L = 10 4 cells, representing a one-lane loop, is used. N vehicles are randomly distributed on the lane around the loop with an initial speed taking a discrete random value between 0 and vmax. Since the system is closed, the average density, ρ = N / L, remains constant in time. Different values of N, R and α were simulated. Each run was simulated for T = 6 * L time steps. To analyze results, the first half of the simulation was discarded to allow the system to reach its steady state. For each simulation, a value for parameter α was established to set the desired degree of safe distance among vehicles.
For example, the value α = 0 corresponds to minimal safety requirements allowing vehicles to occupy neighboring cells at high speeds. A convenient way to demonstrate that the model reproduces traffic flow behavior is to plot the fundamental diagrams, that is, the relation between flow and density. By comparing the maximum flow and the maximum speed variance for α = 0 and α = 0.25, it is noted that the maximum flow for α = 0 is 12% higher than for α = 0.25. However, the maximum speed variance at α = 0.25 is 50% smaller than for α = 0. This is a consequence of the safety distance factor. When this factor is higher, there exists a smaller propagation of fluctuations that prevent variations of speeds by the formation of platoons or clusters of vehicles.
IX. TWO LANE CA MODEL
The single lane model is very inadequate for realistic modeling purposes. In reality, vehicles would be moving in a multi-lane road. The next logical step after modeling single lane traffic is to model two-lane traffic. Nagel and Schreckenberg [9] introduced a two lane model consisting of two parallel single lane models with periodic boundary conditions and four additional rules defining the exchange of vehicles between the lanes. A basis for modeling the lane changing is as follows.
